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Description 

[0001] This invention relates to communication over 
a multiplex data communications network. In particular, 
this invention relates to a system for interchanging data 
bytes within a node between a microcontroller (MCU) 
and a first peripheral at a chosen clock frequency. Then 
within the same node, the first peripheral generates a 
protocol bit and then converts both the protocol bit and 
each bit of the data bytes from the MCU into variable 
pulse width modulated (VPWM) bits forming a VPWM 
message. After forming the message of VPWM bits, the 
first peripheral sends the VPWM bits to a second pe- 
ripheral that converts each VPWM bit into a communi- 
cations symbol (known as a J 1850 symbol) conforming 
to the communication requirements of the Society of Au- 
tomotive Engineers (SAE) established Recommended 
Practice J 1 850 (a set of technical requirements and pa- 
rameters). 

[0002] The second peripheral, a transceiver, drives 
these symbols onto a single-wire communications bus 
to communicate the message to other nodes connected 
to the bus. The second peripheral also routes a reflec- 
tion of the symbols back to the first peripheral and re- 
converts the symbols into VPWM bits. The first periph- 
eral than reassembling the reflected bits into bytes used 
in the next interchange of bytes with the MCU and to 
check for the achievement of arbitration if other nodes 
on the bus are transmitting. 

[0003] Normally, transmitting and receiving serial 
bytes between the first peripheral device and the MCU 
require interrupts in the transfer programming. U.S. Pat- 
ent No. 5,274,636 dated Dec. 28, 1993 of Halter et al. 
entitled "Automatic Multiplex Data Link System, Symbol 
Encoder Decoder Therefor" (or SED patent) teaches 
such a system. Such interruptions imposes a heavy bur- 
den on the MCU to perform the process of transmitting 
and receiving serially arranged byte messages. During 
transmission, programming of the MCU must allow for, 
illustratively, 34 microseconds between bytes for the in- 
troduction of an interrupt. This imposes time restraints 
on the MCU when preparing each byte for transmission. 
Similar time restraints occur for receiving bytes of data. 
We searched for ways to reduce the imposed time re- 
straints on the MCU while improving the processing per- 
formance. That search ended in the present invention 
which accomplishes reducing the time restraints re- 
quired to process the data prior to converting the data 
into J 1850 symbols and for determining whether a node 
has gained control of the bus by winning an arbitration 
contest with competing nodes during a message frame. 
[0004] The present invention discloses using a con- 
ventional serial peripheral interface (SPI) transfer circuit 
within the MCU to communicate with a serial peripheral 
data register (LSPDR) in a peripheral referred to as a 
link device (Link). The transfer of data bytes between 
the MCU and the Link occurs in the form of individual 
bits of a byte transferred serially from a data register in 



the MCU to a data register in the link during a SPI trans- 
fer (SPI-XFR) at a chosen clock rate illustratively, one 
bit/one ps pulse. Then, from the Link, the individual bits 
of the SPI-XFRed byte are converted to variable pulse 

5 width modulated bits and are then driven onto the bus 
by an integrated driver/receiver (IDR) module as J 1850 
symbols at the chosen clock rate but delayed to com- 
pensate for the variations in pulse width of each symbol, 
e.g., one symbol may be longer than another (64 or 1 28 

10 [is long). Hence 64 clock pulses would occur during the 
transfer of a 64 u.s long symbol. The ratio of SPI transfer 
to bus transfer are such that a period of time, illustra- 
tively 500 fis, may result between SPI-XFRs of individ- 
ual bytes, removing the need for interrupts. The system, 

15 however, contains the capability of operating in an inter- 
rupt mode. 

[0005] The sending and receiving of bits of the data 
bytes between the Link and the second peripheral called 
an integrated driver receiver circuit (IDR) and over the 
20 single-wire bus occur at the same rates of speed that 
symbols travel over the bus. 

[0006] Clock signal (SPISCK) clocks bits of data bytes 
through circuits within the MCU at a fixed clock frequen- 
cy while shift clock (SHCLK), clock (CLK) and clock di- 

25 vide by 2 (CIKDIV2) and clock circuits within the Link 
and IDR during transfers of VPWM bits and symbols 
[0007] The invention and its modes of operation will 
be more fully understood from the following detailed de- 
scription when taken with the appended drawing figures 

30 in which: 

Fig. 1 illustrates in block diagram form a communi- 
cations network employing the dual-stage data 
transfer system of this invention in each node of the 

35 network; 

Fig. 2 depicts in expanded block diagram form to 
show the components of the Link in a pair of nodes 
of Fig. 1 connected to the communication bus; 
Figs. 3, 4 and 5 illustrate in partial block and logic 

40 diagram form the transmitter/receiver, the transmit- 
ter and receiver circuits, respectively, of the symbol 
encoder/decoder modified to interface and form a 
part of the Link; 

Fig. 6A-6G depict significant timing sequences as- 
45 sociated with the operation of the SPI-XFR system; 

Fig. 7A-7J illustrate timing diagrams associated 
with transferring a three-byte message from the 
MCU to the Link and over the single-wire bus to oth- 
er nodes of the network; 
50 Fig. 8 illustrates a state diagram of the various 
states required to transfer byte messages from the 
MCU to the bus and for checking arbitration of sym- 
bols on the bus; 

Fig. 9A-9C illustrates in partial block and partial log- 
55 ic diagram form the devices in Link used to ex- 
change data bytes with the MCU and to send to and 
receive from the bus data symbols; and 
Fig. 10A and 10B depict the flowchart of the 
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firmware programs for controlling the operation of 
the MCU during solicited and unsolicited SPI-XFRs 
of data bytes. 

Fig. 10C represents a detail of said flowchart. 

[0008] Fig. 1 depicts a block diagram of a communi- 
cations network 10 with several nodes 16a-16f coupled 
between a single-wire bus 12 and a plurality of sensors 
or application devices 14a-14f. The nodes include 
MCUs 18a-18f and Links 22a-22f circuits and interfaces 
for performing SPI-XFRs, and IDRs 20a-20f connected 
to the Links for converting between digital pulses and 
J1850 symbols during sending and receiving messages 
over bus 12. Each Link 22 interconnects between an 
MCU 18 and an IDR 20. 

[0009] Nodes 16a-16f, disposed throughout the vehi- 
cle connect to bus 12 via stubs 13a-13f, respectively. 
Bus 12 supports bi-directional transfers of serial data 
between nodes. Nodes 16a-16f permit exchange of bit 
stream information of almost any established protocol. 

THE NODES 

Sensor to MCU Transfers 

[0010] Referring to Fig. 2, there a block diagram de- 
picts additional details of nodes 16a and 16b. Illustra- 
tively, in node 16a, sensor 14a detects analog measur- 
ands and an analog to digital converter in MCU 18a con- 
verts that signal into digital signals usable by MCU 18a. 
MCU 18a accepts and then transforms the digital sig- 
nals into a series of message bytes for transfer over bus 
12. To effect the transfers, each message byte routes 
over a parallel bus within MCU 18a and into a conven- 
tional MCU serial peripheral data register (MSPDR) 19f 
for temporary storage. 

Loading a Message Byte into the Link by a SPI-XFR 
From MCU 

[0011] Assume node 22a desires to transmit a mes- 
sage over bus 12 to other nodes connected to the bus. 
When prompted, MCU 18a interchanges the stored 
message byte by a SPI-XFR, bit-by-bit, serially with a 
previously transferred data byte stored in a serial pe- 
ripheral data register (LSPDR) 28a of Link 22a. During 
the initial SPI-XFR, MCU 18a gets unusable data while 
Link 22a gets the first message byte associated with the 
sensed data. The interchanging of bits occur via SPI cir- 
cuit 19d through master-in slave-out (MISO) and mas- 
ter-out slave-in (MOSI) pins of MCU 18a that connects 
MSPDR 1 9f to LSPDR 28a. A SPI clock (SPISCK) signal 
emanating from Link 22a clocks movement of bits 
through MSPDR 19f while a Link clock signal (SHCLK) 
clocks movement of bits through LSPDR 28a. SPISCK 
starts after MCU 18a strobes a handshaking signal 
called Byte Ready, (BYT RDY) from a designated output 
port to holding registers STATEIN 62a, STATEOUT 70a 



and a main state machine (M STATE 48a) of Link 22a. 
The operation and structural details of MSTATE 48a, 
STATEIN 62a and STATEOUT 70a appear in co-pend- 
ing patent application, serial number U.S.S.N. 

5 08/356,999 of Halter et. al. filed December 16, 1994. 
[001 2] Upon receipt of BYT RDY, Link 22a immediate- 
ly initiates, illustratively, a high-speed 1 MHz, eight-bit, 
SPI-XFR. MSPDR unloads byte 1 through the MISO pin 
transferring serially one bit at a time of the first byte of 

10 the message to LSPDR. Simultaneously, LSPDR seri- 
ally unloads bits of byte X (unknown data) into the MOSI 
pin of MCU 18a. Figs. 6E and 6F show the SPI-XFR in 
response to SPISCK of Fig. 6C. The rising edge of SPIS- 
CK causes MCU 18 to place data at the sending MISO 

15 pin and at the sending MOSI pin of Link 22. The falling 
edge of SPISCK causes the latching of the data on the 
receiving pins of MCU 18a and Link 22a. The transfer 
of each byte consumes about 1 1 us. Following the trans- 
fer of byte 1 , and the receipt of an unusable byte X, MCU 

20 18a writes the next byte, byte 2, over byte X in MSPDR 
19f and then strobes BYT RDY again. The rising edge 
of this second BYT RDY must occur at least 2. 1 jxs after 
the falling edge of the last SPISCK pulse of the SPI 
transfer. (See Fig. 7D and 7G Index # 2). 

25 

Link and IDR converting the SPI Transferred Data Bits 
into Data Symbols 

[0013] The most significant bit (MSB) and then each 

30 succeeding bit of byte 1 in LSPDR 28a routes to an En- 
coder 37a of Fig. 2. Encoder 37a converts each bit into 
send codes SND0 and SND1. These send codes have 
values of 00, 01 , 10 or 11 depending upon the bit value 
and level (HIGH or LOW) of the bus for the next symbol. 

35 [0014] Send codes route to ports of the XMIT/REC 
Ckt 24 of Fig. 3 of the symbol/encoder (SED) 23a and 
join (not shown) an additional code (a logic 0 code or a 
fixed ground signal) to form a three-bit-send code. This 
three-bit-send code joins with a three-bit-receive code 
(not shown) to form a six-bit code that routes to a 6 to 3 
ROM address multiplexer (MUX) 38. As described in the 
SED patent, U.S. Patent No. 5,274,636, each data byte 
bit from the SPI-XFR causes an address from MUX 38 
of XMIT/REC Ckt 24 in SED 23 to select one of eight 10 

45 bit transmit words stored in a decoder ROM 40. These 
10 bit words represent nominal lengths of time for the 
various J 1850 symbols (minus 19 us). It takes about 19 
us for SED 22a of Fig. 2 to receive back from IDR 20a 
the reflection of the leading edge of the transmitted sym- 

50 bol. Primarily, the messages will contain symbols for the 
start-of-frame (SOF) (also referred to as start-of-mes- 
sage (SOM)), a long bit (nominally 128 us), a short bit 
(nominally 64 us), an end-of-data (EOD) and an end-of- 
frame (EOF) symbol which are nominally 200 and 239 

55 us respectively. 
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Converting Nominal Length Words into J 1850 Symbols 

[001 5] Within the XMIT/REC Ckt24, a comparator 44 
compares time counted in a 1 0-bit counter 42 to the val- 
ue of the ROMDATA word from the 4 to 10 Decoder 
ROM 40 to determine if a comparison occurs. If so, then 
circuits in Transmit (XMIT) Ckt 26 of Fig. 4 ends the 
transmission of that symbol. The link then starts the 
transmission of the next symbol and initiates a variable 
pulse width modulated (VPWMout) signal of the select- 
ed width and logic level from SED 23a of Fig. 2 to the 
transmitter (XMIT) circuit of an interface driver receiver 
(IDR) circuit 20a. The XMIT ckt of IDR 20a converts 
each VPWMout signal into a trapezoidal pulse shaped 
symbol resembling an analog signal. These symbols 
travel over bus 12 at a rate of about 10.4 K bits/sec. or 
10.4 Kilobauds. 

Checking Arbitration 

[0016] A receiver circuit in IDR 20a taps single-wire 
bus 12 and reflects each symbol back towards transmit- 
ting MCU 18a. For data symbols, not protocol symbols, 
this reflection of symbols occurs during state 10 (ST10), 
explained infra (or see Fig. 8, of the main state machine 
in Link 23a). Arbitration of the symbols on bus 12 occurs 
with respect to a BITVAL signal from SED 23a. (The 
transfer and arbitration of protocol symbols are ex- 
plained in co-pending application of Halter et. al. filed 
December 16, 1994, serial no. U.S.S.N. 08/356,999). 
[0017] A change to ST10, the main state for bus 12 
transmitting and receiving bits to and from bus 12, caus- 
es the XMITMODE of STATEIN 62a to set and to initiate 
transmission of a symbol bit onto bus 12. The receiver 
circuit of IDR 20a receives a reflection of the symbol 
placed on bus 12 and converts the symbol to a digital 
bit and routes the bit back to a receive pin of link 22a. 
The receive pin connects to REC Ckt 27 of Fig. 5 within 
SED 23a. The REC Ckt 27 contains circuits that deter- 
mine whether a logic 1 or 0 bit value (BITVAL) relates 
to the reflected symbol. Then STATEIN holding register 
62a of Fig. 2 compares the BITVAL received from SED 
23A to the previous MSB of LSPDR 28a. (See Fig. 9B). 
If the same bit comes in that was previously the MSB of 
LSPDR 28a, then Link 22a wins arbitration and moves 
to ST 12. If not, Link 22a loses arbitration to another 
node on bus 12. (See Fig. 7H, I, and J that illustrates 
which node wins arbitration). 

[0018] In ST 12, the arbitrated bit shifts into LSPDR 
28a and the BITCNT in STATEIN 62a increments. (See 
9C). If the BIT CNT does not equal zero, then M STATE 
48a moves back to ST 10. Arbitration of symbols and 
the movement between ST10 and ST12 continues until 
all symbols in the message byte passes. The Link clock 
signal, SHCLK, clocks the bit movement during ST 10 
and ST12. Fig. 6G illustrates the reception of logic 1 and 
logic 0 bits from bus 12. The time between SHCLK puls- 
es is determined by the duration of the pulse. A logic 0 



could be a long or short symbol, hence the duration of 
the pulse may be either 64 or 128 u.s. From ST 12, if BIT 
CNT equals zero, then M STATE 48a moves to ST 13. 

5 SPI TRANSFER FOR UNLOADING TO THE MCU THE 
RECEIVED BYTE AND LOADI NG THE NEXT BYTE TO 
THE LINK ~~~ 

[0019] In ST 1 3, node 1 6a prepares for a SPI transfer 
10 after receiving eight reflections of bits from bus 13 and 
placing them in LSPDR 28a. 

[0020] In ST14, the SPI-XFR between Link 22a and 
MCU 18a occurs in response to the 1 jas SPISCK. By 
using BIT CNT, Link 22a and MCU 18a interchange the 
15 eight bits in the LSPDR 28a with the eight bits of byte 2 
in MSPDR 19f. 

TRANSMITTING THE NEXT BYTE ONTO THE BUS 

20 [0021] In ST 15, link 22a clears the SPI-XFR holding 
register in STATEOUT 70a due to the completion of the 
SPI-XFR. Assuming BYTE 2 does not represent the 
LAST BYTE and MCU 18a has indicated another BYT 
RDY (BYTE 3), M STATE 48a moves to ST17, the nor- 
25 mal transmitting path. 

[0022] In ST17, the bits of BYTE 2 are transmitted 
over bus 12. BYT RDY holding register in STATEIN 27a 
is cleared, and the LAST BYTE shift register is shifted. 
The shifting of the LAST BYTE is necessary because 
30 its status is associated with the data byte that was most 
recently shifted in from MCU 18a. Upon completion of 
the message, a cycle redundancy check (CRC) of the 
transmitted characters is performed (ST15, 19, 20, 21, 
10). After the (CRC), an end of frame (EOF) occurs 
35 (ST10, 23, 24). 

TIMING WITHIN LINK 

[0023] As noted in Fig. 2, SED 23 provides clock sig- 
40 nals for the node. An OSC signal from MCU 1 8 provides 
a source of continuous and accurate clock signals used 
for clocking system operations. 

THE CLK SIGNAL. 

45 

[0024] After dividing OSC into OSCDIV2 and 
OSCDIV4, a multiplexer (MUX) circuit (not shown) ex- 
tracts from the two pulse trains a first clock signal (CLK) 
of Fig. 6A of a chosen frequency, e.g., 2 MHz and the 
50 inverse clock signal (CLKL). 

THE CLKDIV2 SIGNAL 

[0025] Within SED 23, a sequential logic divide by two 
55 () circuit converts, illustratively, the 2 MHz CLK signal to 
a 1 MHz CLKDIV2 signal of Fig. 6B that routes to various 
sequential logic circuits of Link 22. CLKDIV2 signals 
control the transfer of input signals into Link 22 and the 
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changing of the states. Note in Fig. 9A, the rising edge 
of the CLKDIV2 signal clocks memory 33b. 

THE INTCLK SIGNAL 

[0026] A combinational logic circuit converts 
CLKDIV2 to a 1 MHz INTCLK signal of FIG. 6C offset 
from CLKDIV2 by a 1/4 cycle. The INTCLK signal clocks 
the setting of flags and other output signals from Link 
22 including SO-0 through SO-33. (See Fig. 9A). 
INTCLK combines with other control signals to create 
additional control signals such as SPICLK that occur at 
the same time as INTCLK. 

THE STENH SIGNAL 

[0027] Another delay circuit converts the INTCLK sig- 
nal into a 1/4 cycle pulse occurring in the last 1/4 of the 
INTCLK cycle. The STENH signal, Fig. 6D, provides the 
clock signal for gating the state output signals. 

THE OPERATION OF THE SYSTEM 

[0028] To describe the operation of the system when 
transferring data bytes, refer to Fig. 7 through Fig. 10B. 
In Fig. 9A, a sensor 14 supplies variable measurand in- 
formation such as pressure, rate of flow, speed etc. in 
digital form to MCU 18. MCU 18, illustratively, which 
could be a microcontroller such as the M68HC05 of Mo- 
torola or an equivalent, converts the digital bits from sen- 
sor 14 into message frames. J 1850 messages require 
a protocol symbol (SOF) to precede a header byte and 
one or two protocol symbols (EOD and EOF) to follow 
the cyclic redundancy check (CRC) bytes in a message 
frame. The manner this MCU/Link system deals with 
protocol symbols is explained in the copending applica- 
tion mentioned supra. 

[0029] With reference to Fig. 7, Fig. 7A shows the se- 
quence of numbers of the state machine flow diagram 
of Fig. 8 in an effort to coordinate the operation of the 
system. Fig. 7B shows an idle condition of bus 12 and 
that bus 1 2 has been idle for some period of time before 
MCU 18 initiates a transmission. This means that when 
bus 12 became idle, MCU 18 did not have a message 
queued up for transmission. 

Solicited Transfer:SPI-XFR Initiated by MCU 

[0030] When MCU 18 obtains a message for trans- 
mission, MCU 18 attempts to perform a solicited trans- 
fer. Such a transfer occurs when MCU 18 transmits an 
initial message byte, usually the header byte. MCU 18 
enters a transmitting mode by not setting the serial pe- 
ripheral interface status flag (SPIF) in Fig. 10A of the 
serial peripheral status register (SPSR) or as a result of 
a reset of the system. MCU 1 8 asserts the BYT RDY pin 
to start the transmission of a message. 
[0031] After the solicited transfer, SPIF gets set auto- 



matically by MCU hardware. Then unsolicited transfers 
occur for all subsequent transfers between Link 22 and 
MCU 18. 

[0032] Figs. 10A and 10B illustrate in flowchart form, 

5 the software operations in MCU 18 used to communi- 
cate with link 22. These charts represent an effort to or- 
ganize the generation and flow of signals through MCU 
18. These flowcharts differ from the conventional box 
and diamond flowcharts. In these charts, signals enter- 

10 ing and leaving the flow of control pass along lines and 
proceed down the page. Conventional start of program 
and end of program are used. Trapezoidal or rectangu- 
larly shaped boxes indicate signals entering and leaving 
the flow of control. Actions are signified by a small black 

15 circle on the lines, the description of the action being 
given to the left or right of the flow lines. When introduc- 
ing a decision, the flow line branches to the right or left. 
A branch may be caused by either a YES or NO condi- 
tion, with these being signified by a Y or N in a small box 

20 as indicated. An arrowhead depicts where secondary 
flow rejoins the main flow. A reference number indicates 
the position or step along the line being discussed. 
[0033] Returning now to the solicited transfer, note in 
Fig. 10A, this firmware program requires MCU 18 to de- 

25 termine the status of SPIF. Assuming a set SPIF, MCU 
18 then must determine the status of bus 12. Link 22 
provides an idle bus status signal to MCU 18. For an 
idle bus 12, CPU 19a receives instructions to determine 
the status of the input capture flag (ICF). A set ICF signal 

30 means an idle bus has occurred since the last time MCU 
18 inspected bus 12, i.e., there is an outstanding un- 
processed idle signal. For example, MCU 18 was receiv- 
ing a message, for which the transmission has finished. 
MCU 18 must process the received message before 

35 starting the transmission, due to time considerations. 
Assuming no ICF, then CPU 19a determines whether 
the XMTNUM RAM counter, used to count the number 
of bytes in the transmit buffer (XMTBUF), has a non- 
zero value. Using the message depicted in Fig. 7C, il- 

40 lustratively, XMTNUM equals 3. Assuming an idle bus 
12, and CPU 19a learns the availability of a message, 
then CPU 19a sets the XMITMODE flag. (See steps 
200-209 of Fig. 10A). 

[0034] An event (internal or eternal to MCU 18) caus- 
es es CPU 1 9a to generate a message frame for transmis- 
sion over bus 12. An application layer subroutine for- 
mats the message frame and stores the bytes in XMT- 
BUF. XMTNUM gets set to the number of bytes that 
MCU 18 will transmit. 
50 [0035] In this configuration, CPU 19a fills XMTBUF 
(usually an 11 byte buffer) backwards, as shown in Fig. 
10C, so that the first byte to send gets stored as XMT- 
BUF, XMTNUM-1 or XMTBUF, 2; the second byte stored 
as XMTBUF, XMTNUM-2 or XMTBUF, 1; and the third 
55 byte stored as XMTBUF, XMTNUM-3 or XMTBUF, 0. 
[0036] After establishing XMTNUM=3, with bus 12 
idle, CPU 19a sets XMTNDX=XMTNUM, illustratively to 
3 and ARBNDX=XMTNUM or 3. ARBNDX is an index 
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into XMTBUF that points to the next byte coming back 
from bus 12. (See steps 210-212). 
[0037] At step 214, CPU 19a receives instructions to 
load XMTNDX-1 or the data in XMTBUF, 2 into the SPI 
data register (SPDR) 19f. Then at step 216, CPU 19a 
sets BYT RDY pin HI. This informs link 22 of a byte ready 
for transmission. (See Fig. 7G, index #1). 
[0038] CPU 19a then sets XMTNDX equal to XMT- 
NDX-1 or in this illustration to 2. CPU 19a receives in- 
structions to determine if the SPI-XFR between MCU 18 
and Link 22 has been completed. (See Fig. 10A, step 
219). Usually, this transfer consumes about 11 u.s well 
within the first 400 u.s polling cycle. The byte that was 
stored in the LSPDR 28, which is unusable, comes into 
the MSPDR 19fof MCU 18. 

[0039] After completion of the transfer, the hardware 
in MCU 18 automatically clears the SPIF bit in the SPI 
Status Register, (SPSR) (not shown). Then CPU 19a 
receives instructions to load the byte received from the 
LSPDR 28 into a non-volatile MCU register. This com- 
pletes the solicited transfer. MCU 18 does not care 
about the initial byte that comes back into the MSPDR 
from Link 22, (See steps 220-221). 
[0040] If XMTNDX does not equal zero, CPU 1 9a sets 
BYT RDY pin LO. This means that there are more bytes 
to transmit. If there are more bytes to transmit, then CPU 
19a loads the second byte to be transmitted in the MSP- 
DR 19f by writing over the returned initial byte and then 
setting BYT RDY pin HI a second time. (See steps 
222-224). The rising edge of the second short BYT RDY 
pulse must occur at least 2.1 jus after the falling edge of 
the last SPISCK pulse of the SPI-XFR. (See the wave- 
forms in Fig. 7D and 7F). When the SOF symbol ends, 
Link 22 begins transmitting the first byte onto bus 12. 
CPU 19a then sets XMTNDX equal to XMTNDX-1. 
XMTNDX is now 1 . If XMTNDX is not equal to zero, then 
CPU 19a sets BYT RDY pin LOW. CPU 19a then exits 
the solicited transfer routine. (See steps 226-229). 

MCU RECEIPT OF AN UNSOLICITED BYTE BY SPI 
XFR and SPI XFR OF 2ND BYTE 

[0041] After loading byte 1 on bus 12, IDR20 and Link 
22 reflect byte 1 (received off bus 12) back to MCU 18 
via an unsolicited transfer. (See Fig. 7G, index #3). 
[0042] In Fig. 10A, during another 400 u.s polling cy- 
cle, at step 200, CPU 19a determines if SPIF is set. This 
serial peripheral transfer flag notifies MCU 18 that the 
solicited data transfer between MCU 1 8 and Link 22 has 
been completed. Hence the program branches to the 
unsolicited transfer program on Fig. 10B. 

ARBITRATION CHECKED 

[0043] At the same time MCU 18 receives back the 
unsolicited byte 1, Link 22 receives byte 2 (if any) from 
MCU 18 via the SPI-XFR. During the time Link 22 was 
attempting to transmit byte 1, Link 22 could have lost 



arbitration to another transmitting node. If so, the byte 
it was attempting to transmit is not the byte that ends up 
being transmitted on bus 12. MCU 18 checks each byte 
it receives back from Link 22 against the byte it attempt- 

5 ed to transmit. If byte 1 does not match, MCU 18 switch- 
es to a receive operation. If the first byte received back 
matches but subsequent bytes do not, MCU 18 as- 
sumes an error has occurred. This is due to the fact that 
this system utilizes a single-byte header and arbitration 

10 should be resolved with the first byte. If the second or 
subsequent bytes do not match, MCU 18 terminates 
transmission of the message and waits for the next idle 
bus period. 

15 PERFORMANCE OF THE UNSOLICITED TRANSFER 

[0044] In Fig. 10B, after the SPIF bit goes to a logic 
1, MCU 18 receives instructions to clear BYT RDY and 
then to determine if XMITMODE flag is set. Since node 

20 1 is transmitting, the program branches to the next in- 
struction which requires determining if ARBNDX is 
equal to zero. If so, then the program exits but, illustra- 
tively, since ARBNDX was previously set to 3, CPU 19a 
reacts to the next instruction of accessing the SPI STA- 

25 TUS REGISTER (SPSR). Then CPU 19a receives the 
instruction to load the data byte read from bus 12 into a 
nonvolatile MCU register (not shown). This action also 
clears the SPIF bit. 

[0045] Then CPU 1 9a determines if the byte received 
30 from bus 1 2 equals the byte transmitted. If so, CPU 1 9a 
updates the ARBNDX by setting it to [3-1] or 2. (See 
steps 230-240). 

TRANSFER OF THE LAST BYTE 

35 

[0046] CPU 1 9a receives instructions to determine if 
XMTNDX equals zero. Since XMTNDX does not, CPU 
1 9a executes the next instruction to place the last byte 
in the SPDR (XMTNDX=1). Then CPU 19a receives the 

to instruction to set the BYT RDY pin HI. Leaving the BYT 
RDY pin HI indicates that the byte in the MSPDR is the 
last byte to be transmitted. CPU 19a then moves to ex- 
ecute the instruction to update the XMTNDX before ex- 
iting the program. XMTNDX now becomes zero. 

45 [0047] Illustratively, CPU 19a loads the last byte into 
MSPDR 19f and asserts the BYT RDY pin HI. BYT RDY 
pin remains HI through the next unsolicited transfer. This 
is referred to as the long form of BYT RDY. This tells 
Link 22 that the byte sitting in MSPDR 1 9f is the last byte 

50 to transmit. As with the short BYT RDY pulse, the rising 
edge of a long BYT RDY must occur at least 2. 1 us after 
the falling edge of the last SCK pulse of the SPI XFR. 
During the unsolicited transfer (Fig. 7G, index #4), MCU 
18 receives BYTE 2, while Link 22 receives byte 3. Fol- 

55 lowing the transfer, MCU 18 returns the BYT RDY pin 
LO. 

[0048] Illustratively, two more unsolicited transfers 
must occur, namely an unsolicited transfer for the third 
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byte and one for the CRC byte. For each of these two 
unsolicited transfers, XMTNDX equals zero. So no more 
bytes are sent to Link 22 for transmission. After each 
unsolicited transfer, CPU 19a must check the byte re- 
ceived against XMTBUF, ARBNDX-1 and decrement 
ARBNDX afterwards. 

LINK AUTOMATICALLY TRANSMITS A CRC 

[0049] Following the transmission of byte 3, unsolic- 
ited transfer (Fig. 7G, index # 5) sends byte 3 to MCU 
18. Then MCU 18 exits the Unsolicited program. Link 
22 automatically transmits the proper CRC byte on to 
bus 12. Unsolicited transfer (index # 6) sends the CRC 
to MCU 18. During the unsolicited transfer for the CRC, 
ARBNDX equals 0, so MCU 18 does not participate in 
this transfer. The idle pin returns to LO (index # 7) indi- 
cating bus 12 is once again idle. This causes an interrupt 
to MCU 18. 

[0050] Since other modifications and changes varied 
to fit particular operating requirements and environ- 
ments will be apparent to those skilled in the art, the 
invention is not considered limited to the example cho- 
sen for purposes of disclosure, and covers all changes 
and modifications which do not constitute departures 
from the scope of this invention. 



Claims 

1 . A link apparatus containing a circuit for interchang- 
ing data bytes using a serial peripheral interface cir- 
cuit (19d) of a microcontroller (18a) at a chosen 
clock rate to accomplish loading a series of data 
bytes from the microcontroller into the link appara- 
tus and unloading another series of data bytes from 
the link apparatus into the microcontroller substan- 
tially simultaneously and then for transferring each 
bit of the loaded byte onto a single-wire communi- 
cations bus (12) as J 1850 data symbols at the cho- 
sen clock rate but delayed in proportion to a varia- 
tion in length of the variable pulse width of each 
symbol, the link apparatus being contained in a 
node (16a) of a multiple node (16a-f) vehicle com- 
munications network and having output terminals 
connected to the bus (12), the bus and the J1850 
symbols being prescribed for use in an automobile 
industrial standard for data communications net- 
work interfaces, each node also having the micro- 
controller connected between an external input de- 
vice (14a) and input terminals of the link apparatus 
for receiving a chosen measurand from the input 
device and then translating the measurand into dig- 
ital byte messages in response to changes of the 
measurand and for cooperating with the link appa- 
ratus to affect serial peripheral interface transfers, 
the link apparatus being characterized by compris- 
ing: 



a symbol encoder/decoder (23a, et al,) for re- 
ceiving the bits of the bytes loaded from the micro- 
controller and then formatting each bit of the bytes 
into a symmetrical, variable pulse width modulated 

5 signal, the variable pulse width modulated signal 
being routed from the link apparatus to an integrat- 
ed driver/receiver circuit that connects to the bus, 
the integrated driver/receiver circuit (20) containing 
a transmitter circuit for converting each variable 

10 pulse width modulated signal into a trapezoidal 
shaped waveform analog signal containing infor- 
mation expressing a magnitude value of the digital 
bit component of the byte message being commu- 
nicated so that other nodes on the bus might use 

15 the communicated information, the integrated driv- 
er/receiver circuit (20) also containing a receiver cir- 
cuit for reflecting each trapezoidal shaped wave 
form analog signal placed on the bus and reconvert- 
ing the trapezoidal shaped waveform analog signal 

20 into a restructured variable pulse width modulated 
bit, the restructured bit being routed back to the link 
device where the variable pulse width modulated bit 
is converted by the symbol encoder/decoder into a 
digital data bit, the digital data bits being then reas- 

25 sembled as a data byte in a data register of the link 
and then unloaded into the microcontroller via a se- 
rial peripheral interface transfer providing arbitra- 
tion and status information to the microcontroller re- 
garding the placement of the data message on the 

30 communications bus, the link apparatus further 
comprising: 

A) A state machine device for establishing a se- 
ries of operating states for the node comprising: 

35 

1) a statein unit (62a) having a plurality of 
synchronous and asynchronous holding 
registers; 

2) a main state machine unit (48) having: 

40 

a) a next state decoder (Fig. 9A) at an 
input port, 

b) a memory circuit composed of a par- 
allel arrangement of plurality of flip- 

45 flops (Fig. 9A) having input terminals 

connected to the output of the next 
state decoder, 

c) the next state decoder having input 
terminals (Fig. 9A) connected to the 

50 output of the memory circuit, and 

d) synchronized output gates (Fig. 9A) 
having input terminals connected to 
the output of the memory circuit and 
output terminals of the statein unit for 

55 providing synchronous output state 

signals within the link apparatus, 

the state machine device being used to monitor 
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output signals from the symbol encoder/decod- 
er that provide information concerning the sta- 
tus of and the symbols on the bus and to pro- 
vide a serial peripheral interface transfer clock 
and handshaking signals to the microcontroller, 5 
the state machine device also determining 
when the bus is idle and in a condition to receive 
a new message and to respond to handshaking 
signals from the microcontroller indicating that 
the microcontroller has converted measurand 10 
information into data bytes; 

B) a stateout unit (70a) having input terminals 
connected to output terminals of the state ma- 
chine device and the statein unit for providing 
control signals within the link apparatus and to 15 
the microcontroller; 

C) a link apparatus serial peripheral interface 
data register circuit (28a) having an input con- 
nected to receive each data bit of the byte 
transferred from a microcontroller serial periph- 20 
eral interface data register during a serial pe- 
ripheral interface transfer operation of the mi- 
crocontroller; 

D) an encoder circuit (37a) for accepting a sig- 
nal from the state machine device during a par- 25 
ticular state and then automatically generating 

a coded address that routes to the symbol en- 
coder/decoder for generating a variable pulse 
width modulated signal that routes to the trans- 
mitter circuit of the integrated driverVreceiver for 30 
placing a start of frame protocol symbol on the 
bus (12) during a chosen state of the state ma- 
chine device and for accepting data bits from 
the link apparatus serial peripheral interface 
data register circuit (28a) in response to hand- 35 
shaking signals from the state machine device 
and control signals of the symbol encoder/de- 
coder in order to initiate the loading of data 
symbols on the bus ( 1 2) after the start of frame 
protocol symbol has been communicated over 40 
the bus; 

E) a firmware program being stored in a ROM 
(19b) of the microcontroller (18a) that instructs 
a central processing unit to perform a solicited 
transfer of data bytes in a message frame and 45 
for responding to unsolicited transfers of data 
bytes interchanged with the link apparatus 
(22a); and 

F) an arbitration determining device connected 

to the symbol encoder/decoder and the main 50 
state machine unit containing circuits for deter- 
mining arbitration of the start of frame protocol 
symbol with respect to other start of frame pro- 
tocol symbols that might appear on the bus 
nearly simultaneously, the arbitration determin- 55 
ing device providing an error signal that resets 
the state machine device to an initial state if an- 
other protocol symbol from another node ap- 



pears on the bus prior to a transmitting node. 

2. The link apparatus of claim 1, wherein the symbol 
encoder/decoder receives a reference clock signal 
from the microcontroller and divides that signal in 
half forming a symbol encoder/decoder reference 
clock signal, wherein the symbol encoder/decoder 
provides a circuit that offsets the symbol encoder/ 
decoder reference clock signal by 1/4 of a cycle to 
form a further signal and a serial peripheral inter- 
face clock signal, wherein the further signal is used 
to synchronize the output gates of the main state 
machine unit and the serial peripheral interface 
clock signal is used by the microcontroller to clock 
the serial peripheral interface transfers, wherein the 
symbol encoder/decoder provides a circuit combin- 
ing the symbol encoder/decoder reference clock 
signal and the further signal to form a pulse Vs. the 
frequency of the reference clock signal. 

3. The link apparatus of claim 2, wherein the statein 
unit includes circuits that combine certain output 
signals of the memory unit of the main state ma- 
chine unit with the further signal forming a shift clock 
signal that clocks the link apparatus serial periph- 
eral interface data register circuit during unloading 
bits during serial peripheral interface transfer. 

4. The link apparatus of claim 3, wherein an analog-to 
digital converter circuit within the microcontroller re- 
ceives measurands from the input device and con- 
verts the variations of the measurands into a series 
of digital byte messages, wherein the central 
processing unit polls the firmware to determine 
whether the state machine device has provided a 
handshaking signal to the microcontroller informing 
the microcontroller of the condition of the bus, 
wherein if the bus is idle, and the microcontroller 
has a byte ready to include in a message, then the 
central processing unit, during a polling cycle of the 
firmware asserts a short handshaking signal to the 
link apparatus to inform the link apparatus that a 
byte is ready. 

5. The link apparatus of claim 4, wherein the micro- 
controller initiates a solicited serial peripheral inter- 
face transfer wherein the microcontroller exchang- 
es a header byte from the microcontroller serial pe- 
ripheral interface data register circuit with an un- 
known byte from the link apparatus serial peripheral 
interface data register, wherein the serial peripheral 
interface clock signal clocks the serial peripheral in- 
terface transfer. 

6. The link apparatus of claim 5, wherein after the oc- 
currence of the serial peripheral interface transfer, 
the link apparatus automatically places a start of 
frame protocol symbol on the bus, wherein after de- 
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15 

termining that the start of frame symbol won arbi- 
tration using the arbitration determining circuit, the 
link apparatus unloads each bit of the header byte 
as a variable pulse width modulated bit to the inte- 
grated driver/receiver clocked by the shift clock sig- 5 
nal, wherein the integrated driver/receiver changes 
the variable pulse width modulated signal into 
J 1850 symbols. 

7. The link apparatus of claim 6, wherein each reflect- 10 
ed bit from the integrated driver/receiver is checked 

to determine if arbitration occurs with any bit on the 
bus from a competing node, wherein each arbitrat- 
ed bit is restructured into a byte and stored in the 
link apparatus serial peripheral interface data reg- 15 
ister circuit for an unsolicited transfer exchange with 
the next data byte stored in the microcontroller se- 
rial peripheral interface data register, wherein the 
microcontroller conducts unsolicited serial periph- 
eral interface transfers with all succeeding bytes un- ?o 
til the last byte is loaded in the microcontroller serial 
peripheral interface data register. 

8. The link apparatus of claim 7, wherein the firmware 
program in the microcontroller instructs the central 
processing unit to assert a long handshaking signal 
to the link apparatus if the last byte is loaded into 
the microcontroller serial peripheral interface data 
register and wherein if any of the data bytes after 
the header byte do not match during arbitration, the 
microcontroller asserts a control bit and waits for the 
next idle handshake signal from the link apparatus. 



Patentanspruche 

1 . Verbindungsvorrichtung mit einer Schaltung fur den 
Austausch von Datenbytes unter Verwendung einer 
seriellen peripheren Schnittstellenschaltung (19d) 
eines Mikrocontrollers (18a) mit einer ausgewahl- 
ten Taktrate, um das Laden einer Reihe von Daten- 
bytes aus dem Mikrocontroller in die Verbindungs- 
vorrichtung zu erreichen sowie im wesentlichen 
gleichzeitig das Entladen einer weiteren Reihe von 
Datenbytes von der Verbindungsvorrichtung in den 
Mikrocontroller sowie zur folgenden Ubertragung 
jedes Bits des geladenen Bytes auf einen Einlei- 
tungs-Kommunikationsbus (12) als J1850-Daten- 
symbole mit der ausgewahlten Taktrate, jedoch ver- 
zogert im Verhaltnis zu einer Veranderung der Lan- 
ge der variablen Impulsbreite jedes Symbols, wobei 
sich die Verbindungsvorrichtung in einem Knoten 
(16a) eines Fahrzeug-Kommunikationsnetzes mit 
mehreren Knoten (16a-f) befindet, und wobei die 
Ausgangsanschlusse mit dem Bus (12) verbunden 
sind, wobei der Bus und die J1850-Symbole zur 
Verwendung gemafi einer Industrienorm fur Kraft- 
fahrzeuge fur Schnittstellen von Datenkommunika- 



tionsnetzen vorgeschrieben sind, wobei jeder Kno- 
ten ferner den Mikrocontroller aufweist, der zwi- 
schen eine externe Eingabevorrichtung (14a) und 
die Eingangsanschlusse der Verbindungsvorrich- 
tung geschaltet ist, um einen ausgewahlten 
Mefiwert von der Eingabevorrichtung zu empfan- 
gen und um den Mefiwert als Reaktion auf Ande- 
rungen des Mefiwertes in digitale Bytenachrichten 
umzuwandetn, und um mit der Verbindungsvorrich- 
tung so zusammenzuwirken, dafi serielle periphere 
Schnittstellenubertragungen bewirkt werden, wo- 
bei die Verbindungsvorrichtung dadurch gekenn- 
zeichnet ist, dafi sie folgendes umfafit: 

einen Symbol-Codierer/Decodierer (23a, et 
al) zum Empfang der Bits der von dem Mikrocon- 
troller geladenen Bytes und zum folgenden Forma- 
tieren jedes Bits der Bytes in ein symmetrisches 
moduliertes Signal mit variabler Impulsbreite, wo- 
bei das modulierte Signal mit variabler Impulsbreite 
von der Verbindungsvorrichtung zu einer integrier- 
ten Treiber/Empfanger-Schaltung geleitet wird, 
welche eine Verbindung mit dem Bus vorsieht, wo- 
bei die integrierte Treiber-/Empfanger-Schaltung 
(20) eine Senderschaltung aufweist, die dazu dient, 



25 jedes modulierte Signal mit variabler Impulsbreite 
in ein analoges trapezformiges Signal urmzuwan- 
deln, das Daten bzw. Informationen aufweist, die ei- 
nen Grofienwert der digitalen Bitkomponente der 
Bytenachricht ausdruckt, die ubertragen wird, so 
30 dafi andere Knoten an dem Bus die ubertragenen 
Informationen nutzen konnen, wobei die integrierte 
Treiber/Empfanger-Schaltung (20) ferner eine 
Empfangerschaltung aufweist, die dazu dient, je- 
des analoge trapezformige Signal zu reflektieren, 
35 das auf dem Bus platziert wird, und wobei das tra- 
pezformige analoge Signal in ein restrukturiertes 
moduliertes Bit mit variabler Impulsbreite zuruck 
umgewandelt wird, wobei das restrukturierte Bit zu- 
ruck zu der Verbindungsvorrichtung gefuhrt wird, 
40 wo das modulierte Bit mit variabler Impulsbreite 
durch den Symbol-Codierer/Decodierer in ein digi- 
tals Datenbit umgewandelt wird, wobei die digita- 
len Datenbits danach als Datenbyte in einem Da- 
tenregister der Verbindungsvorrichtung erneut zu- 
45 sammengesetzt und danach per serielle periphere 
Schnittstellenubertragung in den Mikrocontroller 
entladen werden, wobei der Mikrocontroller mit Ar- 
bitrations- und Statusinformationen bezuglich der 
Platzierung der Datennachrichten auf dem Kommu- 
50 nikationsbus versorgt wird, wobei die Verbindungs- 
vorrichtung ferner folgendes umfafit: 

A) eine Zustands-Maschinenvorrichtung zur 
Erzeugung einer Reihe von Betriebszustanden 
55 fur den Knoten, die folgendes umfafit: 

1) eine Zustand-Ein-Einheit (62a) mit einer 
Mehrzahi von synchronen und asynchro- 
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nen Halteregister; 

2) eine Hauptzustands-Maschineneinheit 
(48), mit: 

a) einem Decodierer (Figur 9A) fur den 5 
nachsten Zustand an einem Eingangs- 
anschlufi; 

b) einer Speicherschaltung, die sich 
aus einer parallelen Anordnung einer 
Mehrzahl von Flip-flops (Figur 9A) zu- 10 
sammensetzt, wobei die Eingangsan- 
schlusse mit dem Ausgang des Deco- 
dierers fur den nachsten Zustand ver- 
bunden sind; 

c) wobei der Decodierer fur den nach- * 5 
sten Zustand Eingangsanschlusse (Fi- 
gur 9A) aufweist, die mit dem Ausgang 
der Speicherschaltung verbunden 
sind; und 

d) synchronisierten Ausgabegattern 20 
(Figur 9A), deren Eingangsanschlusse 

mit dem Ausgang der Speicherschal- 
tung und den Ausgangsanschlussen 
der Zustand-Ein-Einheit verbunden 
sind, urn synchrone Ausgangszu- 25 
standssignale in der Verbindungsvor- 
richtung vorzusehen; 

wobei die Zustands-Maschinenvorrich- 
tung zur Uberwachung der Ausgangssignale 30 
von dem Symbol-Codierer/Decodierer verwen- 
det wird, die Informationen uber den Zustand 
und die Symbole auf dem Bus vorsehen, und 
um einen seriellen peripheren Schnittstellen- 
Ubernahmetakt und Quittungssignale fur den 35 
Mikrocontroller vorzusehen, wobei die Zu- 
stands-Maschinenvorrichtung ferner bestimmt, 
wenn sich der Bus im Ruhezustand und in ei- 
nem Zustand befindet, in dem er eine neue 
Nachricht empfangen und auf Quittungssignale *o 
von dem Mikrocontroller reagieren kann, die 
anzeigen, daft der Mikrocontroller Mefcwertin- 
formationen in Datenbytes umgewandelt hat; 

B) eine Zustand-Aus-Einheit (70a) mit Ein- 
gangsanschlussen, die mit Ausgangsan- 45 
schlussen der Zustands-Maschinenvorrich- 
tung und der Zustand-Ein-Einheit verbunden 
sind, um Steuersignale in der Verbindungsvor- 
richtung und an den Mikrocontroller vorzuse- 
hen; 50 

C) eine Datenregisterschaltung (28a) der seri- 
ellen peripheren Schnittstelle der Verbindungs- 
vorrichtung, wobei ein Eingang so angeschlos- 
sen ist, daft er jedes Datenbit von dem Byte 
empfangt, das wahrend einem Ubertragungs- 55 
betrieb des Mikrocontrollers der seriellen peri- 
pheren Schnittstelle von einem Datenregister 
der seriellen peripheren Schnittstelle des Mi- 



krocontrollers ubertragen wird; 

D) eine Codiererschaltung (37a) zur Annahme 
eines Signals von derZustands-Maschinenvor- 
richtung wahrend einem bestimmten Zustand, 
und wobei danach automatisch eine codierte 
Adresse erzeugt wird, die zu dem Symbol-Co- 
dierer/Decodierer fuhrt, um ein moduliertes Si- 
gnal mit variabler Impulsbreite zu erzeugen, 
das zu der Senderschaltung des integrierten 
Treibers/Empfangers geleitet wird, um wah- 
rend einem ausgewahlten Zustand der Zu- 
stands-Maschinenvorrichtung einen Beginn ei- 
nes RahmenprotokoHsymbols an dem Bus (12) 
zu platzieren, und um als Reaktion auf Quit- 
tungssignale von der Zustands-Maschinenvor- 
richtung und Steuersignale von dem Symbol- 
Codierer-/Decodierer Datenbits von der Daten- 
registerschaltung (28a) der seriellen periphe- 
ren Schnittstelle der Verbindungsvorrichtung 
anzunehmen, um das Laden der Datensymbo- 
le auf dem Bus (12) einzuleiten, nach dem der 
Beginn des Rahmenprotokollsymbols uber den 
Bus ubertragen worden ist; 

E) ein Firmware-Programm, das in einem 
ROM-Speicher (19b) des Mikrocontrollers 
(18a) gespeichert ist, das eine Zentraleinheit 
anweist eine abgerufene Ubertragung von Da- 
tenbytes in einem Nachrichtenrahmen auszu- 
fuhren, und wobei es ferner dazu dient, auf frei- 
laufende Ubertragungen von Datenbytes zu 
reagieren, die mit der Verbindungsvorrichtung 
(22a) ausgetauscht werden; und 

F) eine Arbitrations-Bestimmungsvorrichtung, 
die mit dem Symbol-Codierer/Decodierer und 
der Hauptzustands-Maschineneinheit verbun- 
den ist, welche Schaltungen fur die Bestim- 
mung einer Arbitration des Beginns eines Rah- 
menprotokollsymbols in Bezug auf andere Be- 
ginne von Rahmenprotokollsymbolen aufweist, 
die nahezu gleichzeitig auf dem Bus auftreten 
konnen, wobei die Arbitrations-Bestimmungs- 
vorrichtung ein Fehlersigna! vorsieht, das die 
Zustands-Maschinenvorrichtung in einen Aus- 
gangszustand zurucksetzt, wenn ein anderes 
Protokollsymbol von einem anderen Knoten 
vor einem sendenden Knoten auf dem Bus auf- 
tritt. 

2. Verbindungsvorrichtung nach Anspruch 1, wobei 
der Symbol-Codierer/Decodierer ein Bezugstaktsi- 
gnal von dem Mikrocontroller empfangt und dieses 
Signal durch Division halbiert, wobei ein Symbol- 
Codierer/Decodierer-Bezugstaktsignal gebildet 
wird, wobei der Symbol-Codierer/Decodierer eine 
Schaltung vorsieht, die das Symbol-Codierer/De- 
codierer-Bezugstaktsignal um 1/4 eines Zyklus ver- 
setzt, um ein weiteres Signal sowie ein Taktsignal 
fur die serielle periphere Schnittstelle zu bilden, wo- 
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bei das weitere Signal dazu verwendet wird, die 
Ausgabegatter der Hauptzustands-Maschinenein- 
heit zu synchronisieren, und wobei das Taktsignal 
fur die serielle periphere Schnittstelle von dem Mi- 
krocontroller dazu verwendet wird, die Obertragun- 5 
gen der seriellen peripheren Schnittstelle zu takten, 
wobei der Symbol-Codierer/Decodierer eine Schal- 
tung vorsieht, welche das Bezugstaktsignal des 
Symbol-Codierers/Decodierers und das weitere Si- 
gnal verknupft, so dafi ein Impuls mit der Halfte der 10 
Frequenz des Bezugstaktsignals gebildet wird. 

Verbindungsvorrichtung nach Anspruch 2, wobei 
die Zustand-Ein-Einheit Schaltungen umfaflt, die 
bestimmte Ausgangssignale der Speichereinheit 15 
der Hauptzustands-Maschineneinheit mit dem wei- 
teren Signal verknupfen, wobei ein Schiebetaktsi- 
gnal gebildet wird, das die Datenregisterschaltung 
der seriellen peripheren Schnittstelle der Verbin- 
dungsvorrichtung wahrend dem Entladen der Bits 20 
wahrend der Ubertragung der seriellen peripheren 
Schnittstelle taktet. 

Verbindungsvorrichtung nach Anspruch 3, wobei 
eine Analog-Digital-Umsetzerschaltung in dem Mi- 25 
krocontroller Mefiwerte von der Eingabevorrich- 
tung empfangt und Abweichungen der Mefiwerte in 
eine Reihe digitaler Bytenachrichten umwandelt, 
wobei die Zentraleinheit die Firmware abruft, um 
festzustellen, ob die Zustands-Maschinenvorrich- 30 
tung ein Quittungssignal an den Mikrocontroller vor- 
gesehen hat, das dem Mikrocontroller den Zustand 
des Busses mitteilt, wobei der Mikrocontroller fur 
den Fall, dafc sich der Bus im Ruhezustand befm- 
det, ein bereites Byte zum Einfugen in eine Nach- 35 
richt aufweist, wobei die Zentraleinheit danach 
wahrend einem Abrufzyklus der Firmware ein kur- 
zes Quittungssignal an die Verbindungseinrichtung 
vorsieht, um die Verbindungsvorrichtung daruber 
zu informieren, daft ein Byte bereit ist. 40 

Verbindungsvorrichtung nach Anspruch 4, wobei 
der Mikrocontroller eine abgerufene Ubertragung 
der seriellen peripheren Schnittstelle einleitet, wo- 
bei der Mikrocontroller ein Kopfbyte von der Daten- 45 
registerschaltung der seriellen peripheren Schnitt- 
stelle des Mikrocontrollers mit einem unbekannten 
Byte des Datenregisters der seriellen peripheren 
Schnittstelle der Verbindungsvorrichtung aus- 
tauscht, wobei das Taktsignal der seriellen periphe- 50 
ren Schnittstelle die Ubertragung der seriellen pe- 
ripheren Schnittstelle taktet. 

Verbindungsvorrichtung nach Anspruch 5, wobei 
die Verbindungsvorrichtung nach dem Auftreten 55 
der Ubertragung der seriellen peripheren Schnitt- 
stelle automatisch einen Beginn des Rahmenproto- 
kollsymbols auf dem Bus platziert, wobei die Ver- 



bindungsvorrichtung nach der Feststellung, dafi 
der Beginn des Rahmensymbols Arbitration unter 
Verwendung der Arbitrations-Bestimmungsschal- 
tung vorgesehen hat, jedes Bit des Kopfbytes als 
moduliertes Bit mit variabler Impulsbreite in den in- 
tegrierten Treiber/Empf anger entladt, der durch das 
Schiebetaktsignal getaktet wird, wobei der inte- 
grierte Treiber/Empfanger das modulierte Signal 
mit variabler Impulsbreite in J1850-Symbole um- 
wandelt. 

7. Verbindungsvorrichtung nach Anspruch 6, wobei 
jedes von dem integrierten Treiber/Empfanger re- 
flektierte Bit gepruft wird, um festzustellen, ob eine 
Arbitration mit einem anderen Bit auf dem Bus eines 
konkurrierenden Knotens stattfindet, wobei jedes 
arbitrierte Bit in ein Byte neu strukturiert und in der 
Datenregisterschaltung der seriellen peripheren 
Schnittstelle der Verbindungsvorrichtung fur einen 
freilaufenden Ubertragungsaustausch mit dem als 
nachstes in dem Datenregister der seriellen peri- 
pheren Schnittstelle des Mikrocontrollers gespei- 
chert wird, wobei der Mikrocontroller freilaufende 
Ubertragungen der seriellen peripheren Schnittstel- 
le mit alien folgenden Bytes durchfuhrt, bis das letz- 
te Byte in das Datenregister der seriellen periphe- 
ren Schnittstelle des Mikrocontrollers geladen wird. 

8. Verbindungsvorrichtung nach Anspruch 7, wobei 
das Firmware- Prog ramm in dem Mikrocontroller die 
Zentraleinheit anweist, ein langes Quittungssignal 
an die Verbindungseinrichtung vorzusehen, wenn 
das letzte Byte in das Datenregister der seriellen 
peripheren Schnittstelle des Mikrocontrollers gela- 
den wird, und wobei fur den Fall, dafi etwaige Da- 
tenbytes nach dem Kopfbyte wahrend der Arbitra- 
tion nicht ubereinstimmen, der Mikrocontroller ein 
Steuerbit vorsieht und auf das nachste Ruhezu- 
stands-Quittungssignal von der Verbindungsvor- 
richtung wartet. 



Revendications 

1. Appareil de liaison contenant un circuit d'echange 
d'octets de donnees a I'aide d'un circuit d'interface 
peripherique serie (1 9d) d'un organe a microcontro- 
leur (18a) a une frequence choisie d'horloge pour 
assurer le chargement d'une serie d'octets de don- 
nees du microcontroleur a I'appareil de liaison et le 
dechargement d'une autre serie d'octets de don- 
nees de I'appareil de liaison au microcontroleur de 
maniere pratiquement simultanee, puis pour trans- 
ferer chaque bit d'octet charge dans un bus (12) de 
communications a un seul fil sous forme de symbo- 
les de donnees J1850 a une frequence choisie 
d'horloge, mais avec un retard proportionnel a la va- 
riation de longueur de la largeur d'impulsion varia- 



11 



21 



EP 0 797 881 B1 



22 



ble de chaque symbole, I'appareil de liaison etant 
contenu dans un noeud (16a) d'un reseau de com- 
munications de vehicule a plusieurs noeuds (16a-f) 
et ayant des bomes de sortie connectees au bus 
(12), le bus et les symboles J1850 etant destines a 5 
etre utilises selon une norme industrielle d'interface 
de reseau de communications de donnees pour 
automobiles, chaque noeud ayant aussi deux mi- 
crocontroleurs connectes entre un dispositif exter- 
ne d'entree (14a) et des bornes d'entree de I'appa- 10 
reil de liaison afin qu'il recoive un mesurande choisi 
du dispositif d'entree puis transforme le mesurande 
en message numerique d'octets en fonction des 
changements du mesurande, et etant destine a 
cooperer avec I'appareil de liaison pour assurer des 15 
transferts d'interface peripherique serie, I'appareil 
de liaison etant caracterise en ce qu'il comprend : 
un codeur-decodeur de symboles (23a, etc.) 
destine a recevoir les bits des octets charges de- 
puis le microcontroleur, puis a formater chaque bit 20 
des octets en un signal symetrique module par im- 
pulsions de largeur variable, le signal module par 
impulsions de largeur variable etant achemine de 
I'appareil de liaison a un circuit de pilotage et recep- 
teur integre qui est connecte au bus, le circuit (20) 25 
de pilotage et recepteur integre contenant un circuit 
transmetteur destine a transformer chaque signal 
module par impulsions de largeur variable en un si- 
gnal analogique de forme d'onde trapezoidale con- 
tenant des informations exprimant une valeur d'am- 30 
plitude de la composante numerique de bit du mes- 
sage d'octets communique afin que les autres 
noeuds du bus puissent utiliser les informations 
communiquees, le circuit (20) de pilotage et recep- 
teur integre contenant aussi un circuit recepteur 35 
destine a reflechir chaque signal analogique de for- 
me d'onde trapezoidale place sur le bus et a re- 
transformer le signal analogique de forme d'onde 
trapezoidale en un bit restructure module par im- 
pulsions de largeur variable, le bit restructure etant 40 
reachemine vers le dispositif de liaison dans lequel 
le bit module par impulsions de largeur variable est 
transforme par le codeur-decodeur de symboles en 
un bit numerique de donnees, les bits numeriques 
de donnees etant alors reassembles sous forme *5 
d'un octet de donnees dans un registre de donnees 
de la liaison, puis etant decharges dans le micro- 
controleur par I'intermediaire d'un transfer! d'inter- 
face peripherique serie transmettant des informa- 
tions d'arbitrage et d'etat au microcontroleur, con- 50 
cernant la disposition du message de donnees 
dans le bus de communications, I'appareil de liaison 
comprenant en outre : 

A) un automate fini destine a etablir une serie 55 
d'etats de fonctionnement du noeud, compre- 
nant 



1) une unite (62a) d'entree d'etat ayant plu- 
sieurs registres synchrones et asynchro- 
nes de maintien, et 

2) une unite (48) a automate fini principal 
possedant : 

a) un decodeur d'etat suivant (figure 
9A) a une voie d'entree, 

b) un circuit de memoire compose d'un 
arrangement parallele de plusieurs 
bascules (figure 9A) ayant des bornes 
d'entree connectees a la sortie du de- 
codeur d'etat suivant, 

c) le decodeur d'etat suivant ayant des 
bornes d'entree (figure 9A) connec- 
tees a la sortie du circuit de memoire, 
et 

d) des portes synchronises de sortie 
(figure 9A) ayant des bornes d'entree 
connectees a la sortie du circuit de me- 
moire et des bornes de sortie de I'unite 
d'entree d'etat destinees a transmettre 
des signaux synchrones d'etat de sor- 
tie dans I'appareil de liaison, 

le dispositif a automate fini etant utilise 
pour controler les signaux de sortie du codeur- 
decodeur de symboles qui donne des informa- 
tions concernant I'etat du bus et les symboles 
dans le bus et pour donner une horloge de 
transfert d'interface peripherique serie et des 
signaux d'etablissement de liaison au micro- 
controleur, le dispositif a automate fini determi- 
nant aussi le moment ou le bus est libre et a un 
etat de reception d'un nouveau message et de 
reponse aux signaux d'etablissement de liaison 
provenant du microcontroleur et indiquant que 
le microcontroleur a transforme I'information de 
mesurande en octets de donnees, 

B) une unite (70a) de sortie d'etat ayant des 
bornes d'entree connectees aux bornes de sor- 
tie du dispositif a automate fini et de I'unite d'en- 
tree d'etat afin qu'elle transmette des signaux 
de commande dans I'appareil de liaison et au 
microcontroleur, 

C) un circuit (28a) a registre de donnees d'in- 
terface peripherique serie d'appareil de liaison, 
ayant une entree connectee pour la reception 
de chaque bit de donnees de I'octet transfere 
d'un registre de donnees d'interface peripheri- 
que serie du microcontroleur pendant une ope- 
ration de transfert d'interface peripherique se- 
rie du microcontroleur, 

D) un circuit codeur (37a) destine a accepter 
un signal provenant du dispositif a automate fini 
pendant un etat particulier, puis a creer auto- 
matiquement une adresse codee acheminee 
vers le codeur-decodeur de symboles pour la 
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creation d'un signal module par impulsions de 
largeur variable qui achemine vers le circuit 
transmetteur du circuit de pilotage et recepteur 
integre afin qu'un symbole de protocole de de- 
but de trame soit place sur le bus (12) pendant 5 
un etat choisi du dispositif a automate fini et 
pour 1'acceptation de bits de donnees prove- 
nant du circuit (28a) a registre de donnees d'in- 
terface peripherique serie de I'appareil de 
liaison en fonction des signaux d'etablissement 10 
de liaison provenant du dispositif a automate 
fini et des signaux de commande du codeur- 
decodeur de symboles afin que le chargement 
de symboles de donnees sur le bus (12) soit 
declenche apres que le debut du symbole de *5 
protocole de trame a ete communique par le 
bus, 

E) un programme de microinstructions etant 
memorise dans une memoire morte ROM (19b) 

du microcontroleur (18a) et donnant des ins- 20 
tructions a une unite centrale de traitement 
pour I'execution d'un transfert sollicite d'octets 
de donnees dans une trame de message et 
pour la reponse a des transferts non sollicites 
d'octets de donnees echanges avec I'appareil 25 
de liaison (22a), et 

F) un dispositif de determination d'arbitrage 
connecte au codeur-decodeur de symboles et 
a I'unite a automate fini contenant des circuits 

de determination d'arbitrage du lancement d'un 30 
symbole de protocole de trame par rapport a 
d'autres lancements de symboles de protocole 
de trame qui peuvent apparaitre presque simul- 
tanement dans le bus, le dispositif de determi- 
nation d'arbitrage donnant un signal d'erreur 35 
qui retablit le dispositif a automate fini a un etat 
initial si un autre symbole de protocole prove- 
nant d'un autre noeud apparait dans le bus 
avant un noeud de transmission. 

40 

Appareil de liaison selon la revendication 1, dans 
lequel le codeur-decodeur de symbole recoit un si- 
gnal d'horloge de reference du microcontroleur et 
divise ce signal en deux en formant un signal d'hor- 
loge de reference de codeur-decodeur de symbo- 45 
les, dans lequel le codeur-decodeur de symboles 
forme un circuit qui decale le signal d'horloge de 
reference de codeur-decodeur de symboles de 1/4 
cycle pour former un signal supplementaire et un 
signal d'horloge d'interface peripherique serie, 50 
dans lequel le signal supplementaire est utilise pour 
synchroniser les portes de sortie de I'unite a auto- 
mate fini et le signal d'horloge d'interface periphe- 
rique serie est utilise par le microcontroleur pour 
commander les transferts d'interface peripherique 55 
serie, et dans lequel le codeur-decodeur de symbo- 
les forme un circuit combinant le signal d'horloge 
de reference de codeur-decodeur de symboles et 



le signal supplementaire pour former une impulsion 
a la moitie de la frequence du signal d'horloge de 
reference. 

3. Appareil de liaison selon la revendication 2, dans 
lequel I'unite d'entree d'etat comprend des circuits 
qui combinent certains signaux de sortie de I'unite 
de memoire de I'unite a automate fini au signal sup- 
plementaire en formant un signal d'horloge de de- 
calage qui commande le circuit a registre de don- 
nees d'interface peripherique serie de I'appareil de 
liaison lors du dechargement des bits au cours d'un 
transfert d'interface peripherique serie. 

4. Appareil de liaison selon la revendication 3, dans 
lequel un circuit convertisseur analogique-numeri- 
que place dans le microcontroleur recoit des mesu- 
randes du dispositif d'entree et transforme les va- 
riations des mesurandes en une serie de messages 
numeriques d'octets, dans lequel I'unite centrale de 
traitement interroge les microinstructions pour de- 
terminer si le dispositif a automate fini a donne un 
signal d'etablissement de liaison au microcontro- 
leur, informant le microcontroleur de I'etat du bus, 
dans lequel, si le bus est libre et le microcontroleur 
a un octet pret a incorporer a un message, I'unite 
centrale de traitement, pendant le cycle d'interroga- 
tion des microinstructions, affecte un court signal 
d'etablissement de connexion a I'appareil de liaison 
pour informer I'appareil de liaison qu'un octet est 
pret. 

5. Appareil de liaison selon la revendication 4, dans 
lequel le microcontroleur declenche un transfert 
d'interface peripherique serie sollicite dans lequel 
le microcontroleur echange un octet d'en-tete pro- 
venant du circuit a registre de donnees d'interface 
peripherique serie du microcontroleur avec un octet 
inconnu provenant du registre de donnees d'inter- 
face peripherique serie de I'appareil de liaison, le 
signal d'horloge d'interface peripherique serie com- 
mandant le transfert d'interface peripherique serie. 

6. Appareil de liaison selon la revendication 5, dans 
lequel, apres le transfert d'interface peripherique 
serie, I'appareil de liaison place automatiquement 
un symbole de protocole de debut de trame dans le 
bus, et, apres determination du fait qu'un symbole 
de debut de trame a ete selectionne pendant I'arbi- 
trage realise par le circuit de determination d'arbi- 
trage, I'appareil de liaison decharge chaque bit de 
I'octet d'en-tete comme bit module par impulsions 
de largeur variable vers le circuit de pilotage et re- 
cepteur integre commande par le signal de d'horlo- 
ge de decalage, le circuit de. pilotage et recepteur 
integre transformant le signal module par impul- 
sions de largeur variable en symbole J1850. 
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Appareil de liaison selon la revendication 6, dans 
lequel chaque bit reflechi par le circuit de pilotage 
et recepteur integre est verifie pour la determination 
du fait qu'un arbitrage s'est produit avec un bit quel- 
conque du bus a partir d'un noeud en concurrence, 5 
dans lequel chaque bit arbitre est restructure dans 
un octet et est memorise dans le circuit a registre 
de donnees d'interface peripherique serie d'appa- 
reil de liaison pour un echange par transfert non sol- 
licite avec I'octet suivant de donnees conserve dans 10 
le registre de donnees d'interface peripherique se- 
rie du microcontroleur, et dans lequel le microcon- 
troleur effectue des transferts non sollicites d'inter- 
face peripherique serie avec tous les octets sui- 
vants jusqu'a ce que le dernier octet soit charge *5 
dans le registre de donnees d'interface peripheri- 
que serie du microcontroleur. 

Appareil de liaison selon la revendication 7, dans 
lequel le programme forme des microinstructions 20 
contenues dans le microcontroleur indique a I'unite 
centrale de traitement d'affecter un long signal 
d'etablissement de communication a I'appareil de 
liaison lorsque le dernier octet est charge dans le 
registre de donnee d'interface peripherique serie du 25 
microcontroleur, et dans lequel, si Tun quelconque 
des octets de donnees suivant ('octet d'en-tete ne 
correspond pas en cours d'arbitrage, le microcon- 
troleur affecte un bit de commande et attend le si- 
gnal suivant d'etablissement de communication li- 30 
bre provenant de I'appareil de liaison. 
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